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Photocatalytic technology of semiconductor materials has an extensive 
application prospect in solving energy issue and environmental pollution treatment 
with solar energy. Compared with other semiconductor photocatalytic materials, 
titanium dioxide attracts the focus of attention due to its non-toxicity, good biological 
compatibility, chemical stability, as well as strong oxidizing and self-cleaning 
property under light. 
Since the 20th century, nanotechnology has got a great development. Compared 
with other nanomaterials, titanium dioxide nanotubes have larger specific surface area 
providing more sites for oxygen adsorption which leads to better adsorption 
performance and higher reactive activities. Curvature effect origin from tube bending 
changes electronic and mechanical property of nanotubes and impart adsorption 
selectivity to nanotubes. In recent decades, researchers have been devoted to 
exploring various methods for preparing and modifying TiO2 nanotubes, so as to 
enhance their photocatalytic efficiency and utilization rate of sunlight. However, due 
to the limitations of current methods of characterization, the structure of TiO2 
nanotubes is still unclear, and the chemical composition of TiO2 nanotubes is also 
controversial. In this paper, we study the structure of titanium dioxide nanotubes of 
different chiralities and wall thicknesses by density functional theory, besides that, the 
adsorption of H2O molecule on the nanotubes is also studied. The results will help to 
promote the understanding of the structure and adsorption property of TiO2 nanotubes, 
and build a theoretical foundation for their applications in the future. 
This paper is divided into five chapters for discussing TiO2 nanotubes. Chapter 1 
briefly reviews the progress in the research of inorganic nanotubes since the discovery 
of carbon nanotubes, which mainly introduces the current research status of titanium 
dioxide nanotubes, including the experimental and theoretical progress. Chapter 2 















packages base on DFT used in this paper. In the third chapter we simulate a series of 
anatase (101) nanotubes of different chiralities with DFTB method, and discuss the 
influence of diameter and chirality on nanotubes’ stability and electronic property. We 
find out that nanotubes’ stability improves with increasing diameter, and strain energy 
decreases after increasing when n/m augmenting from zero to infinitely great. In 
chapter 4, (n,0) and (0,m) anatase (001) nanotubes of different thickness are calculated 
and a possible structure model of TiO2 nanotube synthesized in experiment is given. 
Chapter 5 gives a detailed description of the adsorption of H2O molecules on the inner 
and external walls of anatase (101) nanotubes in the manner of molecular adsorption 
or dissociative adsorption. The results show that molecular adsorption on anatase (101) 
nanotubes is more favorable. Beyond that, diameter has certain influence on 
dissociation adsorption, but it doesn’t affect molecular adsorption on anatase (101) 
nanotubes. 


























































提高，粒径减小至 6 nm 左右时，表现出明显的量子尺寸效应；当锐钛矿颗粒大







1991 年，日本 NEC 公司基础研究实验室的电子显微镜专家 Iijima[5]在高分
辨透射电子显微镜下检验石墨电弧设备中产生的球状碳分子时，意外发现了由管
状的同轴纳米管组成的碳分子，即碳纳米管。Iijima 合成的碳纳米管为多壁结构，
每根纳米管至少有 2 层管壁。在他的工作基础上，1993 年，两个研究小组[6,7]在





从原子力显微镜（AFM）中可以观测到 σ 键有一定的弯曲，因此碳纳米管中的 σ




图 1.1 为一个二维石墨片，取四方形 OABB 所定范围，使其沿 OA 方向卷曲，
螺旋矢量|C|=OA。 
C=nɑ1+mɑ2                            (1.1) 

















单壁碳纳米管管径一般在 10-30 Å，大于 30 Å 的纳米管不稳定，管壁容易发生塌
陷[11]，同时，理论研究表明碳纳米管随管径或手性的变化呈金属或半导体性[12-18]。 
 























Tenne 小组合成出 WS2 纳米管















































颗粒小于 11 nm 时，锐钛矿最稳定；当颗粒大于 11 nm 小于 35 nm 时，板钛矿最
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